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systems	 of	 University	 buildings	 in	 Hong	 Kong.	 Changes	 in	 thermostat	 set	 points	 were	 introduced	 so	 as	 to	
investigate	 the	 impact	on	conditions	experienced	and	also	 to	determine	spatial	variations	within	 the	rooms.	
Measurements	of	environmental	conditions	were	made	at	5	minute	intervals	over	a	total	investigation	period	
of	6	days.	Concurrently	with	the	environmental	measurements	occupant	surveys	took	place,	the	subjects	being	
a	 group	 of	 postgraduate	 students.	 Some	 912	 sets	 of	 survey	 data	 were	 accumulated	 and	 this	 was	 used	 in	











In	 certain	 climates	 air-conditioning	 systems	 have	 become	 almost	 ubiquitous;	 sometimes	
because	 of	 necessity	 and	 sometimes	 because	 of	 occupant	 expectation.	 The	 energy	
consumption	 associated	with	 use	 of	 air-conditioning	 is	 a	 feature	 of	 both	modern	 life	 and	
modern	 buildings,	 and	 the	 resulting	 peak	 demand	 requirements	 can	 have	 substantial	
impacts	 on	 electricity	 supply	 systems.	 	 There	 is	 also	 concern	 that	 occupied	 and	 space	
conditioned	 spaces	 may	 exhibit	 issues	 with	 negative	 reaction	 from	 occupants	 when	
operated	outwith	suitable	ranges	–	for	instance:	too	warm	in	winter;	and	too	cold	in	winter	
(see	 for	 example	 Mendell	 and	 Mirer,	 2009).	 Further,	 in	 order	 to	 deal	 with	 present	 and	
impending	problems	of	global	climate	change,	any	steps	available	to	reduce	carbon	dioxide-
generating	 energy	 use	 should	 be	 taken.	 The	 question	 then	 remains	 how	 to	minimise	 the	
demand	 for	 air-conditioning	 whilst	 maintaining	 the	 required	 degree	 of	 comfort.	 Part	 of	
dealing	with	this	conundrum	is	to	understand	better	how	air-conditioning	systems	are	used	
in	 practice	 and	 how	 they	 perform	when	 perturbations	 are	 introduced;	 evidence	 suggests	
this	is	less	than	optimal	(Sekhar,	2016).	
As	a	 result	of	 these	 concerns,	 studies	have	been	undertaken	 to	elicit	 information	on	how	
well	 systems	 perform	 when	 variable	 influences	 exist,	 such	 as	 shifting	 of	 thermostat	 set-
points.	 These	 studies	 can	 also	 help	 to	 answer	 questions	 about	 occupant	 perception	 and	
reaction	 to	 changes	 in	 air-conditioned	 conditions.	 Several	 studies	 of	 this	 topic	 have	 been	
carried	 out	 (such	 as	 Boerstra,	 Loomans	 and	Hensen,	 2013)	 though	 none	 in	 detail	 for	 this	
particular	building	situation.	In	the	longer	term,	understanding	of	this	issue	could	also	help	








later	 summer,	 external	 conditions	 generally	 require	 substantial	 use	 of	 air-conditioning	 to	








a. To	 examine	 how	 changes	 in	 the	 thermostat	 settings	 in	 the	 rooms	 impacted	 upon	









The	 two	 rooms	 investigated	 were	 both	 lecture	 rooms	 and	 both	 had	 similar	 furniture:	
moveable	 bench	 style	 desks	 and	 plastic	 chairs	with	 no	 padding.	 The	 buildings	 used	were	
adjacent,	 separated	 only	 by	 a	 University	 campus	 service	 road.	 Both	 had	 similar	 air-
conditioning	 systems	with	 thermostatic	 controllers	 placed	 in	 groups	 on	 one	wall	 of	 each	
room	 –	 significantly	 perhaps	 the	 walls	 for	 the	 thermostats	 were	 those	 opposite	 to	 the	
windows.	The	air-conditioning	air	supply	and	extracts	were	integrated	into	the	ceilings	with	















to	variations	between	 individual	 sensor	measured	values.	 In	order	 to	check	 for	calibration	
purposes,	 all	 devices	 to	 be	 used	were	 placed	 in	 an	 isothermal	 location	 and	 left	 to	 reach	
equilibrium	 at	 two	 different	 temperatures	 before	 and	 during	 the	 tests.	 The	 variations	 in	
measured	 values	 over	 periods	 of	 several	 hours	 was	 evaluated	 and	 though	 variations	 did	
exist	 –	 typically	 of	 0.1°C	 for	 test	 periods	 (though	 occasionally	 larger),	 there	 was	 no	
discernible	pattern	and	no	specific	 logger	which	seemed	to	be	measuring	temperatures	at	
an	 offset	 to	 the	 mean.	 For	 measurement	 of	 relative	 humidity	 larger	 variations	 could	 be	
expected	 due	 to	 the	 nature	 of	 the	 measurement	 transducers	 and	 it	 was	 decided	 that	 a	







spaces.	 Temperature	 and	 humidity	 data	 were	 collected	 at	 5	 minute	 intervals	 using	 a	
rectangular	grid	distribution	across	each	room:	 in	2014	a	3	x	3	grid	spread	of	data	 loggers	
was	used	with	an	additional	measurement	point	at	 the	front	of	 the	room;	 in	2015	a	3	x	2	
spread	of	loggers	was	used	again	with	an	additional	logger	at	the	front	of	the	lecture	room.	
It	was	not	possible	 to	measure	mean	 radiant	 temperature	or	air	 velocity	at	 the	 individual	
points	however	 the	air	movement	 (caused	principally	by	 the	air-conditioning	 system)	was	
established	 to	 be	 fairly	 uniform	 by	 spot	 checks.	Mean	 radiant	 temperature	 could	 not	 be	
measured	 continuously	 but	 spot	 readings	 suggested	 it	 could	 be	 estimated	 as	 the	 air	
temperature	plus	1°C.	The	lack	of	continuous	measurement	of	these	two	parameters	is	an	




The	 study	was	 carried	out	with	 two	different	 groups	of	 students:	one	 in	2014	and	one	 in	
2015.	 Each	 year	 two	 rooms	 were	 surveyed	 on	 sequential	 days	 when	 occupied	 by	 those	
students	whilst	undertaking	classroom	activities.	Though	some	of	 the	activity	 consisted	of	
sitting	 listening	 to	 lectures	 there	 was	 a	 substantial	 amount	 of	 task	 activity	 meaning	
movement	 between	 locations	 and	 slightly	 elevated	 metabolic	 rates.	 In	 each	 room	 three	
days	worth	of	surveys	were	completed	(one	in	2014,	two	in	2015)	giving	a	total	of	six	days	of	



























of	 the	 controllers	 the	 temperature	 settings	 available	were	 limited	 to	between	23.5°C	and	
27.5°C.	This	is	in	line	with	University’s	Energy	Policy	for	controlling	working	areas	in	summer	
to	 25.5°C	 ±2°C.	 The	 settings	 used	 on	 each	 day	 were	 defined	 by	 an	 attempt	 to	 create	 a	
degree	of	variation	in	order	to	examine	reactions.	
In	2014	on	day	1	temperatures	were	set	low	in	the	morning	(22°C)	and	high	in	the	afternoon	
(26°C);	 and	 on	 day	 2	 the	 opposite	 was	 attempted.	 In	 2015	 on	 day	 3	 temperatures	 were	



























On	 day	 4	 temperatures	were	 initially	 set	 high	 at	 27.5°C	 but	 then	 reduced	 to	 25°C	 in	 the	
morning.	At	 lunchtime	 the	set	point	 temperature	was	 reduced	 to	23.5°C	but	 then	 later	 in	
the	afternoon	back	to	25°C.	On	day	5	a	sequence	of	23.5°C	then	up	to	26°C	before	a	short	
period	 at	 27.5°C	 later	 returning	 to	 23.5°C.	 Finally	 on	 day	 6	 the	 system	 was	 run	 at	 the	








c. That	 the	 systems	 seemed	 to	 operate	 more	 effectively	 in	 producing	 some	 desired	
temperatures	as	compared	to	others.	
An	 inference	 from	 this	 might	 be	 that	 air	 conditioning	 control	 systems	 do	 not	 always	
produced	 the	 desired	 conditions.	 Another	 notable	 feature	was	 the	 availability	 of	 controls	
within	the	space	but	with	minimal	instruction	on	how	to	operate.	Perhaps	it	is	assumed	that	





Actual	 sensation	 votes	 were	 collected	 for	 the	 912	 surveys	 and	 compared	 with	 predicted	
sensation	votes	based	on	the	measurements	of	environmental	and	personal	variables.	The	
predictions	 used	 the	 standard	 algorithms	 first	 developed	 by	 Fanger	 (1973)	 and	 reported	
widely	in	many	other	publications	using	the	seven-point	scale.		
Figure	3	presents	6	charts,	one	for	each	day	of	the	study	and	Figure	4	shows	the	combined	
data	 for	 all	 six	 days.	 From	 visual	 observation	 it	 appears	 that	 in	 all	 cases	 actual	 sensation	
votes	recorded	by	the	occupants	had	values	over	a	wider	range	than	the	predicted	values,	
perhaps	 indicating	 the	 occupants	 were	 more	 sensitive	 to	 the	 changing	 environmental	
conditions.	This	is	at	variance	with	some	other	studies	which	have	suggested	a	rather	‘flatter’	
response,	i.e.	that	sensation	votes	were	not	as	great	as	predicted.	
The	 occupants	 did	 adapt	 by	 adding	 and	 removing	 clothing	 and	 there	 was	 certainly	 the	
opportunity	to	move	around	the	rooms	in	order	to	adapt	to	conditions,	however	this	does	
not	 seem	to	have	been	utilised	 to	a	great	extent.	The	only	observable	 (but	not	 recorded)	
reason	for	this	was	the	desire	to	sit	in	friendship	or	tasks	groups.	
Standard	 linear	 regression	analysis	was	performed	and	shown	on	charts	 for	 the	 individual	
days	 and	 for	 the	 whole	 set	 of	 data	 is	 summarised	 in	 table	 1.	 These	 analyses	 show	
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7 Sensation	and	Preference	
The	thermal	sensation	 felt	by	occupants	 is	one	of	 the	key	drivers	 to	 take	action:	either	 to	
adjust	 thermal	controls	 for	HVAC	or	 to	 take	adaptive	actions	such	as	changing	position	or	




























It	 should	 be	 noted	 that	 there	 were	 limits	 to	 the	 adaptation	 that	 was	 possible	 –	 simply	




The	thermal	sensation	 felt	by	occupants	 is	one	of	 the	key	drivers	 to	 take	action:	either	 to	
adjust	 controls	 or	 to	 adapt	 their	 immediate	 environment.	 Understanding	 the	 strength	 of	
that	driving	force	is	therefore	very	important	as	a	route	to	optimising	air-conditioning	and	
the	associated	energy	use.		
Understanding	 the	 ways	 in	 which	 people	 make	 such	 choices	 is	 also	 important	 to	 make	
design	 choices	 for	 the	 future	 concerning	 novel	 technologies	 and	 novel	means	 to	 achieve	











































































space	 of	 the	 rooms	 investigated.	 The	 changing	 of	 the	 thermostat	 settings	 introduced	 in	
some	cases	much	wider	variation	between	points	and	also	potentially	some	instability	in	the	
room	being	able	to	maintain	specific	conditions.		
Secondly	 the	 reactions	 of	 the	 occupants	 to	 the	 experienced	 conditions	 were	 somewhat	
different	 to	what	had	been	expected.	Variations	occurred	between	members	of	 the	same	
group	 on	 consecutive	 days	 in	 their	 sensation	 votes,	 meaning	 perhaps	 there	 is	 less	
confidence	 is	 specifying	 any	 specific	 set	 of	 conditions	 to	 achieve	 comfort	 because	 of	 the	
individual	 impacts.	 The	 interlinked	 impact	 of	 choices	 about	 clothing	 level	 is	 incorporated	
within	the	analysis	however	the	reasons	for	choices	were	not	recorded.	
Clearly	this	modest	study	produces	more	questions	than	it	answers,	but	in	so	doing	helps	to	







2. Modification	 of	 temperature	 settings	 for	 temperature	 controllers	 in	 closed	 air-
conditioned	 rooms	 tended	 to	 produce	 uneven	 temperature	 or	 inconsistent	
temperature	distributions	in	these	rooms	–	sufficient	to	create	marked	variations	in	
thermal	comfort	sensation	experienced.	
3. Occupants	 of	 rooms	 exhibited	 variable	 correlations	 between	 actual	 sensed	
conditions	and	those	predicted	using	the	PMV	methodology.	
The	thermal	sensation	felt	by	occupants	is	one	of	the	key	drivers	to	take	action:	to	change	
HVAC	 system	 setting	 to	 move	 location;	 to	 adjust	 clothing;	 or	 to	 manipulate	 local	
environment	in	some	other	way.	Several	areas	are	therefore	suggested	for	further	research:	
a. Further	 studies	 of	 room	 environments	 into	which	 perturbations	 of	 control	 system	
operation	have	been	introduced;	
b. Research	 into	 interactions	 between	 air	 temperature	 and	 room	air	 distribution	 and	
how	this	could	be	affected	by	use	of	non-standard	or	unexpected	set-points	
c. More	detailed	 studies	of	occupants	 should	be	 initiated	which	go	beyond	 the	basic	
comfort	 survey	 in	order	 to	understand	better	 their	 reactions	and	understanding	of	
comfort	and	also	about	how	they	would	wish	to	access	and	use	control	systems.	
d. Contribution	of	 the	 system	performance	 issues	 in	 these	 circumstances	 can	also	be	
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